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To all whom it may concern: 

Be it known that I, Cari S. ENGLISH, a 
citizen of the United States, residing at the 
village of Lowell, in the county of Kent and 
State of Michigan, have Invented a certain 
new and useful Electrical Governor for Wa- 
ter-\Wheels, of which the following is aspeci- 
fication. 

This invention relates to a new and useful 
governor for water-wheels. 

The invention has for its object to provide 
novel mechanism for automatically regulat- 
ing the supply of water to a water wheel that 
‘3 utilized to generate power for an electric 
dynamo, in such manner that the amount of 
water supplied to the wheel, and consequently 
the power developed by the wheel, shall be 
amount of work required to be performed by 
the dynamo, and to this end my invention 
consists in the novel construction, arrange- 
ment and combination of parts hereinafter 
fully described and afterward definitely point- 
ed out in the claims following the descrip- 
tion, reference being had to the accompany- 
ing drawing forming a part of this specifica- 
tion. 

In the drawing I have shown in elevation 
a portion of the conductors used in connec- 
tion with a dynamo, together with suitable 
mechanism for controlling secondary currents 
generated by meansof a battery or other suit- 
able electrical power, together with connect- 
ing nechanism for operating upon the shaft 
which controis the gate that allows the water 
to flow upon the water-wlieel or water-motor. 
_ [have not illustrated the dynamo nor the 

water-wheel, for the reason that I make no 
claim to the form or shape of the dynamo or 
wvater-wheel,it being well understood that any 
form of gate or gates may be used for the pur- 
pose. I have also shown my preferred form 
of applying power, but it will be evident that 
various changes of form may be used without 
departing from the spirit of the invention. 

In the drawing Z, represents a coil com- 
posed of a coarse wire and a fine wire, the 
coarser coil wires being shown by S, and the 
fincrone by. ‘The opjcetof using the coarse 
so and fine wires is for the purpose of obtaining 


___inereased and diminished in proportion to the 


a more accurate adjustment, as hereinafter 
more fully described. 

4 represents the needle or arm which is 
acted upon by the magnetic influence of the 
coil Z. Thearm 2, is pivoted at2, and js pro- 
vided with projections 3 and 4, which projec- 
tions are adapted to come in contact with the 
contact points C’ and C’, in order to connect 
the electric circuit, as hereinafter described. 
By winding the needle 7, with a suitable wire 
coil, it is made an electro-magnet, and the 
eurrent of electricity in coil S, will greatly 
‘nerease the force or influence upon needle @ 
when so wound either to repel or retract the 
game, depending upon the manner of wind- 
ing the coil, as is well understood. 

L’ is a swinging lever or arm, which may 


also be pivoted at 2. 


U ig a cable or fléxiux. . dction which 
attaches the lower end of the lever L’, to the 
axle or hub of the wheel P*, and also pro- 
jects over the wheel 11, and supports the 
weizht W. 

B represents an electric battery, or any 
well-known means for generating a current 
of electricity. | 

B’ isa conductor connecting the arm 2, to 
the junction 5; 5 being the junction between 
the coils of the electro-magnets M and M’. 

6 is a return wire from the electro-magnet 
M’, and 7 isa return wire from the electro- 
magnet M. 

M and M’ represent electro-maguets, each 
wound with coils, as shown. These electro- 
magnets may be constructed in any well- 
known form. 

8 igashaft for the friction gear-wheel F. 
The friction wheel F is provided with two 
friction surfaces or disks 9 and 10, and the 


friction wheel F is supported upon the shaft 


8 by means of a key or spline which will al- 
low F to have a longitudinal movement upon 
the shaft 8, but compel it always to revolve 
with the shaft. 

G and @’ are gearings whereby the move- 
ment of the shaft 8 is conveyed to the shaft 
a, The shaft a extends downward, and is 
connected in any suitable manner with tho 
gate so that the revolution of the shaft @ in 
ono direction opens the gate, and a counter 
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revolution shuts the gate. Any suitable at- 
tachment for opouing and shutting the gate 
may be applicd to the lower end of the shaft a. 

Jl isa hand-wheel by means of which the 
shaft a may be operated by hand should the 
user ever so desire to operate it. The hand- 
wheel II may be dispensed with, however, 
without interfering with the operation of my 
invention. 

vis a belt connecting shaft a to belt pulley 
]?, which belt pulley is provided witb a hub 
15 upon which the flexible connection C is 
adapted to wiud, as hereinafter described. 

D’ is the journal of the band wheel P?, which 
journal may be supported in any suitable 
bearings. It is immaterial whether the jour- 
nal b’ revolves with the band pulley, or 
whether {he band pulley revolves upon the 
journal. 

In the drawing I have shown a bell b op- 
erated directly from the shaft a, butit is evi- 
dent that the band wheel may be applied 
upon the shaft a,if desired. 

W is a counter-weight adapted to return 
the lever L’ to its normal position as the flexi- 
ble connection C,is unwound from the hub 15. 

P is a pulley upon a suitable shaft which is 
revolved by any suitable machinery. Upon 
the sane shaft is also the friction pulley P’, 

P and P’ are rigid with the same shaft, and 
when P’ is brought in contact with the fric- 
tion surface 9, it revolves the friction wheel 
f°, in one direction, and when brought in con- 
tact with the friction surface 10, it revolves 
the wheel F,in another direction. The shift- 
ing of the wheel F, however, brings the fric- 
tion surfaces alternately into contact with 
the pulley LP’, the pulley P’ having no shift- 
ing movement. 

L is a lever armature adapted to turn upon 
the pivot O, as a fulcrum. What is shown to 
be the upper end of theleverL, engages with 
the circular groove 14, in the hub F, while 
the lower end of Lacts as an armature for 
magnets M and M’. 

W’ is an.adjusting weight placed upon an 
arm and preferably raised above the pivotal 
attaching pointof thearm?. This weight W’ 
is provided with a set-screw so that it may be 
raised and lowered and attached at any re- 
quired point. 

W? is an adjusting weight upon the arm ?, 
which may be adjusted by means of a set- 
screw, or otherwise, to any required point. 

12 represents the point of attachment. for 
the flexible connection C,to the lower end of 
the levor L’. E 

J have described aconnection between the 
arm 7, and the operating parts which raise 
and lower the water-gate by means of a S8ec- 
ondary battery B, and electro-inagnets M’ 
and M, which connection I deem to be the 
preferable form, but I do not wish to limit 
my invention to this form of connection; for 
the reason that the connection may be made 
directly between the arm 7, and the mechan- 
ism which operates the shaft a, which shaft 


a, may be properly termed the gate-stem, in 
which ease the secondary battery B, and 
magnets anight be dispensed with, and the 
power derived from the electro-magnetic in- 
fluence of the coil Z, be made to operate the 
opening and closing of the gate. 

In the example of my invention shown and 
described in the drawing, the operation is as 
follows: When the electric current from the 
dynamo passes through the coil 8, the arm 7, 
is drawn into the coil S, until the projection 
3, comes id contact with the tangent point C’. 
This allows thevelectric current from the bat- 
tery B, to ow through the junction 5, through 
the coil wound around the magnet M’, and 
thence back through the connection 6, across 
the contacts and back through DB’ to the bat- 
tery, thus energizing the magnet M’, and mov- 
ing the armature or lowerend of tle lever L, 
toward its contact point with the magnet MW’, 
L turning upon the pivot O, as a fulerum 
moves the friction wheel F, on its shaft 8, un- 
til frietion surface 10 comes in contact with 
P’, the pulley P’ revolving, then gives a re- 
volving motion to F, aud also conveys that 
revolution through gear-wheels G and G’, to 
the shaft a, and the shaft a, being connected 
to the water-wheel, raises the gate, increasing 
the flow of water and thereby the amount of 
electricity generated by the dynamo up to the 
reqnired amount. The belt b, revolves the 


_—_pulley-P’, winding up the flexible connection 


C, its axle 15, drawing the lower end of the 
lever L’, toward shaft a, thereby breaking the 
contact between C’, and the projection 3. 
This will check the further opening of the 
gate at the point where the water, admitted 
upon the wheel or motor, is just sufficient to 
carry the required load or to impart the re- 
quired energy tothe dynamo. ‘The breaking 
point should be: where the arm cr needle 7; 
balances, with relation to the eoil S. If the 
current through the coil S, becomes too much 
‘weakened, the arm 2, willswing back and pro- 
jection 4, will come in contact with C?, which 
will cause the electric current from the bat- 
tery B, to circulate through the coil of mag- 
net M, connecting conductor 7, thereby con- 
necting points C? and 4, and connecting con- 
ductor B’, back to the battery B. This will 
draw the armature L, toward the clectro-mag- 
net M, turning the armature lever L’, on its 
fulcrum O, moving the friction wheel F, until 
friction surface 9, comes in contact with P’; P’ 
revolving as above described will give a re- 
verse action to the friction wheel F, and con- 
sequently through F, toshaft 8, gears G and @’ 
and the shaft a, thereby reversing all the op- 
erating parts and shutting off the water from 
the water-wheel or motor so that only a proper 
amount of water will flow upon the wheel in 
order to carry the required load. It will be 
understood that the winding may be such 
that the action will be reversed, and the con- 
nection such that the reverse action will open 
the gate. Thus, the water supply for- the 
wheol is always perfectly gaged by moans 
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of the magneti¢e energy exerted through the 
coil Z, to the swinging arm or needle7z. In 
case a heavy load is put upon the cireuitsud- 
denly, a slight lagging of speed sometiines 
happens, thus lowering the voltage of the 
current and lessening the amount of current 
which flows through the coll nm. This allows 
the arm or needle 7, to go farther into the 
coil or to swing farther toward thé attracting 
point and thus opening the gate a little far- 
ther before the contacts break. This brings 
the speed quickly back to its normal position 
and corrects the voltageof thecurrent. This 
is found desirable for the reason that water 
does not move as quickly or readily as steam 
or air, it having greater specific gravity and 
greater momentum. It thecurrentisin large 
volume thrown off, a slight inerease in speed 
and voltage may occur, thus inereasing the 
current in coil 2, thereby allowing the arm 
or needle 2, to withdraw farther out of the coil 
than it would normally, thus closing the gate 
more than it would normally and thereby low- 
ering the voltage to. the proper point. In 
case the needle 2, is so wound as to be repelled, 
the repulsion or reverse action of 7, will pro- 
duce the result last above described. 

I have shown what I deem to be the most 
preferable method of applying the electro- 
magnetic force, generated by the electric cur- 
rent passing through the connections, from 
the dynamo, but any other suitable form may 
be applied, it being well-known that a cur- 
rent of electricity passing through any con- 
ductor will produce this electro - magnetic 
power, which power I desire to utilize for the 
purpose hereinafter specified. 

Ilaving thus described my invention, what 
I claim to have invented and desire to secure 
by Letters Patent, is— i 

1. In an electrical water wheel governor, the 
combination of the dynaino conduetor hav- 
ing acoilS, a pivoted arm or needle earrying 
two contacts, a pivoted oscillating arm ear- 
rying contacts adapted to engage the con- 
tacts carried by said arm or needle, suitable 
connections between said oscillating arm and 
the water wheel gate, a circuit breaking de- 
vice actuated by the movement of the gate 
inechanism, and means for actuating the cate 
operating mechanism, substantially as de- 
scribed. 


2. The combination of the coil S, and the 
coil n, a needle 2, suitable connections be- 
tween said needle and the gate of the water- 
wheel whereby the flow of water is automati- 
cally controlled through the magnetic energy 
exerted from the dynamo connections, sub- 
Stantially as deseribed. 

3. The combination of the coils S and 2, the 
needle 7, the swinging lever L’, the flexible 
connection C, pulley P*? with its hub 15, the 
weight W, a battery, electro-magnets, con- 
ductors connecting said magnets and battery, 
circuit closing devices actuated by the nee- 
dle for closing the cireuit through either of 
said magnets, an armature actuated by said 
magnets, and gearing for actuating a water 
gate controlled by said armature, suhstan- 
tially as described. 

4. The combination of the coils Sand n, the 
needle provided with contact points for open- 
ing and closing the electric current, the bat- 
tery b, the electro-magnets M’ and M, snit- 
able coils thereon, connections between such 
coils and the battery, an armature as 11, 
shifting device as I°, provided with friction 
disks 9 and 10, revolving pulley P’, and snit- 
able mechanism connecting the shaft of I to 
the water-wheel, substantially as described. 

5. The combination of the coil of the dy- 
namo, a needle turning upon a pivot having 
contact points adapted to open and elose an 
electric current, a battery as B, electro-mag- 
nets as M, M’, suitahle conductors extending 
from said electro-magnets to said hattery 
whereby the current may he directed through 
either one or the other of said eleetro-mag- 
nets at pleasure, a lever armature as 1], a 
shifting mechanisin as F5 operated by means 
of a pulley as P, suitable mechanism con- 
necting said shifting mechanisnn F, with the 
gate of the water-wheel, a band as J, pulley 
P*, lever L, flexible connection C and weight 
W, all constructed substantially as and for 
tho purpose deseribed. 

In witness whereof I have horeunto set my 
hand and seal in the presence of two wit- 
nesses. 


CARL S. ENGLISH. [t. s.] 


Witnesses: 
EDWARD TAGGART, 
CHRISTOPHER HONDELINK, 
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Lo all whom it may concern: 

Bo it known that I, EARL PORTER WET- 
MURE, & citizen of the United States, residing 
at Helena, in the county of Lewis and Clarke 
and State of Montana, have invented a new 
and usefal Electrical Water-W heel Governor, 
of which the following is a specification. 

This invention relates to electrical water 
wheel governors; and it has for its object to 
provide improved govorning devices of this 
character which skall automatically operate 
to control the speed of a water wheel accord- 
ing to the load upon the dynamo or dynamos 
in circuit with tho goveruor, or more techul- 
cally speaking, according to the variations in 
current strength or io the output of such dy- 
namos. 

The maiu object of the present invention, 
therefore, is to regulate the effective supply 


of water to the-water wheel or wheels through. 


means of valves, gates or deflecting nozzles, 
which are. directly controlled by the change 
in the output of electric energy from the dy- 
pamos which are operated by the wator wheel 
or wheels, in order to admit or cut off the sup- 
ply of water in direct proportion to the in- 
creayement or decreasement of the load upon 
the electric generators. 

It is well knowa, that where tho fly ball or 
centrifugal goveraors, or differential speed 
wovernors, ure used ia connection with water 
wheels of the governor does not beaoine ef- 
fective until the speed of the water wheels is 
changed. This chnnge of speed in the water 
wheols is directly caused by the change of 
load upon the dynamos, and this invention 
therefore prevents loss of time in effecting 
the regulation, inasmuch as the change of 
load upon the dynaimos puts the governing 
devices herein described into practical opera- 
tion. 

With these and other objects in view which 
will readily appear as the aature of the in- 
vention is better understood, the same con- 
sists 1n the novei construction, combination 
aod arrangement of parts hereinafter more 
fully described, illustrated and clalmed. 

In the accompanying drawings:—Figure 1 
is a dingcaminatic plan view of an electrical 
water wheel governor constructed ia accord- 
ance with this invention. Fig. 2 is a detail 
elevation partly in section of electric clutches 


preferably used in connection with the appa- 
ratus shown in Fig. 1. Fig.3 is a detail sec- 
tional view on the line z—=z of Fig.2. Fig. 4 
is a detail view showing a preferred construc- 
tion of contact device. 

Referring to the accompanying drawings, 
A represents a single or double turbine water 
wheel, or reacting wheel of the Pelton or other 
type. This water wheel, as stated, is of any 
preferred construction, and the valve or gate 
mochanism thereof {s controlled by means of 
the vertical valve rod or shaft a, which is pro- 
vided at an intermediate point with reversely 
disposed beveled gear wheels vu’, and carries at 
its upper end a hand wheel a’, which ia ordi- 
narily employed for controlling the flow of 
water throngh the wheel by hand, but in the 
present invention such rod is cohtrolled an- 
tomatically by the devices to be hereinafter 
described. 

The shaft B, of the water wheel A, carries 
outside of the water wheel casing, any num- 
ber of belt pulleys b, depending apon the 
bomber of electrical generators or dynamos 
driven by such water wheel, but as illustrat- 
ed In Fig. 1. of the drawings, two of said belt 
pulleys recelvethe dynamo belts b’, which are 
belted to dynamos C and C’, of any type or 
construction, the dynamo C, beiny illnstrated 
as a direct carrent dynamo, while the dyna- 
mo C’, isof the alternating type, and it is to 
be understood that any number of dynamos 
of any type way be employed. The direct 
current dynamo C, is.connected in series, by 
the series cirevit 1—2 wlth a suitably ar- 
ranged solenoid D, while the alternating dy- 
namo C’, has the compound field winding 
thereof connected in series With the solenoid 
D’, by the series circuit 3—4. 

The solenoid D, is illustrated as belng ar- 
ranged directly above and in line with the 
solenoid D’, and it will of course be under- 
stood that the specific character of the wind- 
ing of said solenoids depends upon the fact 
whether each is connected with one or inore 
dynamos and of the character of such dyna- 
inos. Should one or more of the dynamosop- 
erated by the water wheel be of the polyphase 
type, then the magnet D, would be included 
in series with the field circuit of the poly- 
phase current dynamo, that is, the entire ex- 
citing current would pass throagh the magnet 
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D, and regulation woutu ve effected since | attached to the free end a weight h’, which 


the exeitiug current of a polyphase gonerator 
vac‘es in a certain raiioto the load upon the 
dynamos. In case one or wore of the dyna- 
nus operated by the water wheels is of an 
arc or constant current typo, then the mag- 
nets D or D’,would be made up of one or more 
sections of fino wire of proper resistanco to 
ennble the samo to be connected directly 
across the terminals of the are or constant 
currentdynamo. These changes in the wind: 
ings will of course bo varied to accommodate 
the apparatus to the different dynamos, bunt 
only to secure the same result in connection 
with such dyuamos as those illustrated in the 
drawings, and the alignod solenoids or inag- 
nets D, and )’, accom modate therein the sec- 
tional core plunger Fk. The sectional core 
plunger E, is made up. of connecting mag- 
netic metallic sections e, and non-magnetic 
metallic sections e’, which form tovether a 
single continuous core pluuger, but it will of 
course he understood that the magnetic me- 
tallic portions e, of the core, are adapted to 
move within thesolenoids, so that motion wil) 
be given to the coro pluoger in either direc- 
tion, as such solenoids become energized or de- 
energized. She core plunger E, has connect- 
ed with the lower end thereof the adjusting 
spring I, adjustably connected at J; toa suit- 
able point of attachment, so thut the core 
plunger will always be returned toits vormal 
inactive position after either or both of the 
soienoids have become inactive, and said coro 
plunger is further provided at its lower ex- 
tremity with an off-stauding stop arm f’, 
which is adapted to come in contaet with an 
off-standing stop projection f*, which provides 
a limit to tho downward movement of the 
plunger. Asthesaid core plunger EK, is moved 
in either direction according to the variation 
in the strength of either or both of the solen- 
oids, as the Joad upon the dynamas connected 
therewill increases or decreases, such core 
plunger is adapted to act as a cireuit closer 
fur the valve or gate operating devices to be 
described, and is provided ata suitable point 
above the upper solevoid D, with a contact 
pin or roller G, which is electrically connected 
by the wire 5, with one pole of a convenient 
source of electrical cnergy 9g, Which nay bea 
suitable series of batteries oradynaino. ‘She 
contact point or rollor G, carried by the so- 
lenoid-controlled core pinnger FE, is adapted 
to play between the approximately paraile!) 
contact plates 9’, nud g*, respectively. The 
contaet plutes gy’ and y’, are nouuted in suh- 
stantially parallel plnnes and at. an augle on 
the sliding eontact frame Il. The sliding 
cvutact frame }1, is mounted toslide between 
the parallel guides or ways h, and has at- 
tached to one end the adjusting rope kh’, which 
winds and unwinds onthe grooved repe drum 
h? securcdon the valve rod a, while to thoother 
end of the sliding frame II, is attuched one 
end of the welght rope A’, which passes over 
na suitably arranged guide pulley /i‘, and has 


sorves to slide the contact frame in one direc- 
tion. The movement of the core plunger E, 
is adapted to bring the contact pin or roller 
G, in contact with either of the plates g’ org’, 
and com plete a circuit through the external 
source of electrical onergy g,and to provide for 
this, the contact plate 9’, is electrically connect- 
ed by the wire 6, to one terminal 7, of a snit- 
ably arranged solenoid I, directlyin aline with 
which, and opposite to, is arranged a duplicate 
solenoid l’,one terminal S, of which is connect- 
ed by tho wire 9, to the other contact plate 7’, 
while the adjacent terminals of these two so- 
lenoids I and I’, are joined by tie bridge wire 
10, which has connected thereto the circuit re- 
turn wire 11, leading to the other polo of the 
external source of electrical energy 9, and 
theroby providing fora completion of the ex- 
ternal circuit through either of the magnets 
Tand I’, according asthe contact pin or roller 
G, is moved in contact with either of the con- 
tact plates g’, or g?, mounted on the sliding 
frame Ht. The aligned solenoids I and I’, are 
adapted to control, in either direction, the 
movement of a horizontally inoving core J, 
the ends of which slide in the opposite solen- 
oids, and within the open outer ends of the 

solonoids J, and I’, are ay ranged tle core ad- 
justing springs 2 and v’, which have one end 
thereof bearing on the extremities of the core 
J, and are of a tension which holds the said 
core toa normal inactive position. The hori- 
zontally moviue core J, carries at a point be- 
tween the inner adjacent ends of the solen- 
oids Tand1]’, the parallel shifting lugs or tap- 
pots 7, w hich embrace a belt It, driven from 
one of the pulleys J, of the water wheol shaft, 
and passing over a loose pulley 4, mounted 
loosely ona suitably supported and arranged 
regulating shaft L, which carries at one end 
a pinion 7, meshing with the lower one of the 
wheels a’, and adapted to turn such wheel in 
a direction to close or cut off the supply of 
water controlled by the rod a. Tho shaft L, 
carries nt a point alongside of the intermedt- 
ate loose pulleysk,a fast pulley U, onto which 
the belt is adapted to be moved by tho mag- 
net shifting deviees when the core J, is shift- 
ed in one direction, At the opposite side of 
the pulley’, and loosely mounted on the shaft 
J,, is the sleeve M, carrying at one end along- 
side of the loose pulley a belt wheel m, and 
at its opposite extremity a beveled gear wheel 
m’, which meshes with the ipper one of the 
bevoled gear wheelsa’,and is adapted to turn 
the valve or gato regulating rod in a direc- 
tion to open tho valve or gata of the water 
wheel. 

The operation of the apparatus set up as 
just described is as follows:—Assuming di- 
rect cnrrent and alternating dynamos C and 
C’, are in operation from the water wheel A, 
a sudden increase of current load on the di- 
rect current dynamo C will energize the so- 
lenoid D, sufficiently, su as to move the core 
plunger K, upw ard, against the tension of the 
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spring I I’, and cause the con 


a, to contact with the upper 
plate g’, on the sliding frame. *The circuit is 
thea completed through the wire 5, from the 
cut grt source of generation g, the contact 
plate g’, wire 9, solenoid J, and the return 
wire ii, which cirevit energizes the solenoid 
1’, and moves the shifting core J, in a direo- 
tion which shifts tho belt K, from the loose 
pulley, k—, onto the sleeve pulley m, which 
immediately operates tho gear m’, and the 
upper one of the rod gears a’, so as to im- 
inediately increase tho supply of water. <As 
soon as the valve rod or shaft a, commences 
to tura, the ‘adjusting rope h’ winds on the 
drum /?, and draws the frame II, lu one dirce- 
tion uotil such frame has moved sufficiently 
far to relieve the contact G, from the upper 
contact plate y’. The current is thus auto- 
matically broken So as tode-energize the mag- 
net Y’, and then the spring ¢’, immediately 
moves the core J, into a normal position and 
shifts the belt K, back onto the loose pulley. 
The twu contaet strips or plates g’ and g?, and 
the drum h?, are so adjusted that the valy es 
or gates are opened a proper amount to ad- 
mit the required water for the operation of 
the wheels when thecontact G touches neither 
of such plates, and thorefore the distance or 


Space between such contact plates determines, 


the sensitiveness of the governor or regulator, 
It will be obvious that similar increases on 
the load of the alternator C’, would have a 
siwilar effect on the solenoid or magnet D’, 
to secure the same regulation just described; 
while, conversely, 8 decrease in the lord of 
either dyoamo would have the opposite effect, 
that is, to decrease the supply of water to the 
water wheel, ia such case the sliding frame 
Il, being inoved properly in une direction by 
the weighted rope /}. 

While I have eTustpnted and described a 
belt shifting device which controls the sepa- 
rate gears engaging the gears on the valve 
rod or shaft,1] preferably substitute these de- 
vices by the clutch devices or clutch wheels 
shown in Figs. 2 and 3 of the drawings. In 
Fig. 2, the shaft L, carries the gear /, at one 
end, aad the shaft sleeve M, carries the gear 
m’, ‘at one end in the same arrangement as 
described in connecuon with the belt shifting 
devices, but in the preferred arrangement, 
the shaft L, accommodates: thereon a drive 
sleevo N,to which is keyed a belt wheel n, 
driven by the belt K, and to the opposite ex- 
tremities of this sleeve are secured the me- 
tallic cup disks O, Inside of which are adapted 
to turn the magnet wheels I’, One of the 
magoct wheels P, is fastened to the shaft L, 
and the other of such wheels is fastened to 
one eod of the sleeve M, in a similar manner 
to the inounting of the pulleys I’ and m. 
Both of said magnet wheels P, are sectional 
and each is provided with a circumferential 
series of projecting pole pieces Q, adapted 
to align with similar inwardly projecting pole 
projections q, formed on the inaer periphery 


Abe wheel and inside of the cir 
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of the cup disks. At oue side of 
e pieces such maguet 
with the coil recesses q’ 


t wheels are 


in wh Wied 


cap plates r, havin inner recessed ed; 
forming a portion of the coil recesses. ‘Tho 
terminals of tho magnet coils I, lead respeet- 
ively to collecting aad diseharging riags 5S, S, 
arraoged at one side of thesaid magnet w heels. 
The sane wire connections are employed in 
connection with the clutch wheels just de- 
scribed as in connection with the solenoids I 
and I’, the wire G froin the plate g’, leading to 
the collecting ring of one magnet wheel, the 
wire 9, from the plate g’, leading to the col- 
lectiog ring of the other muguet wheel, the 
bridge wire 10, connecting the discharging 
rings of both maguet wheels, aod tho return 
wire 11 connected to the bridge wire 10. 

When the circnit is closed by the moviaog 
contact G, io the manner already described 
with either oo6 of the contact plates on the 
sliding frame, either one or the other of the 
maghet wheels {s energized so that the poles 
thereof are altoroately. porth and south, and 
oecessarily hold the pole projections q, mag- 
netically attracted thereby, so that as the 
sleeve N, rotates, and turns the cap disks, the 
energized magnet wheel will be caused to re- 
volve and turo the beveled gear wheel con- 
nected therewith, io a similar manner to the 
belt shifting operatiqn already described. 

In connection with the belt shifting or 
clutch wheeldevices just desoribed, I may em- 
ploy an ordinary centrifugal or fly-ball gov- 
ernor 1’, the shaft ¢, of which is geared with 
and driven from the water wheel shaft 13, aad 
the slidiag collar ¢’, which is moved up and 
down by the balls, is provided with a moviag 
contact arm U, corresponding to the contact 
G and connected by the dotted wire 5°, with 
one pole of the generator.g. ‘The moving con- 
tact U, is arranged to play betwoen the sepa- 
rate contacts t, “corresponding to the plates 
gy’, and g*, and are connected by the wires 6°, 
and 9*, with the sawe connections as the wires 
6 and 9, The moving of the contact U, In 
contact with olther one of the contacts wu, se- 
cures the snme operation frow the belt shift- 
ing deviccs or clutch wheels as previously de- 
scribed. 

Changes In the form, proportion and the 
minor details of construction may be resorted 
to without departiog from tbe principle or 
sacrificlug any of the advantages of this ta- 
vention, and at this polat atteution is direct- 
ed to the fact that in the foregoing descrip- 
tion I have shown and deseribed the frame 
H, upon which the contact strips g’ and g’, 
are located and which [8 suitably controlled 
by the drum A’, rope aad counterweight, for 
simplicity in explaining the operation of the 
apparatus, but ordloarily and preferably the 
contact strips g’, and g’, would be arranged 
io the same relation to each other upon a 
drum or oylludrical frame X, monnted di- 


of the 
| 
the inagnet coils R, secured in| rotn iby 


75 


80 


85 


go 


95 


100 


105 


15 


120 


130 


- the contact plates which aré lettered G’ and 


190 


15 


tact device it being shown that the wire 5, is 
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rectly upon the s! 


haft a, of the valve or g: 
drawings, thereby avoid! 
necting devices. : 

By reference to Fig. 4, it will be seen that 


G?, to correspond with those on the sliding 
frame H, are arranged spirally.on the cylin- 
drical frame X, and are disposed parallel with 
each other so as to correspond in every. par- 
ticular to the relative arrangement of the 
plates g’ and g’, on the sald sliding frame 50 
that the same operation will be effected as 
the contact pin or roller G, is moved against 
either of the plates by the core, plunger, or 
armature E. The-same. circnit connections 
are observed in this preferable form of con- 


connected to the contact G, the wire 6, to the 
contact plate G?, and the wire 9, to the plate 
G’, and it is thought that the operation of 
this construction will be readUy apparent 
without further description. 

Having thus described the invention, wha 
is claimed, and desired to be secured by Let- 
ters Patent, is— 

1. In an electrical water wheel: governor, 
the combination with the water wheel, the 
water wheel valve rod or shaft, and the dy- 
namo driven .by the water wheel; of electri- 
cally controlled gear devices connected with 
the valve rod or shaft, an automatically mov- 
ing contact frame céntrolled by the move- 
ments of the walve rod or shaft and carrying 
spaced contact plates in circuit with said gear 
devices, a solenoid included in the dynamo 
circuit, a core, plunger, or armaturecontrolled 
by the solenoid and having a contact arranged 
to move between said contact plates, and an 
external source of electrical energy included 
in a circuit with said contact and said elec- 
trically controlled gear devices, substantially 
as set forth. 

2. The combination. with a prime mover, its 
valveor regulating mechanism and the dyna- 
nos driven by the prime mover; of electri- 
cally controlled gear devices connected with 


the valve or regulating mechanism and in 
circuit with an external source of electrical en- 
ergy, an automatically moving contact frame ' 


carrying spaced contact plates in circuit with 
said gear devices, solenoids circuited with the 
dynamos, a core, plunger or armature con- 
trolled by said solenoids and provided with a 
contact point or roller playing between. the 
contact plates and also connected with said 
external source of olectriéal enarry, substan- 
tlally as set forth. 

3. In an electrical water wlieel guvernor, the 
combination with the water wheel valve rod 


or shaft; of electric motor device geared to: 


said shaft to turn the samein either direc- 
tion and included in a circuit with an exter- 
nal source of electrical energy, an automati- 
cally turning frame or cylinder carrying 
spaced contact plates arranged at'an angle 
and separately connected by wires with said 


rec ‘ bill 
mechanism as clearly shown in Fig. 4, of the . 
g the use of the con- 


| motor devices, and an autom 


trolled contact point 
said contact plates a : 
with a convenient external source of elect 
energy, substautially as set forth. - 

4. In an apparatus of the class described, 
the combination with the electrically con- 


r 


trolled gearing devices, a similarly controlled 7 


moving contact included in the circuit of said 
devices, aud an external source of electrical 
energy; of a prime mover valve shaft or rod 
geared to said gear devices, adrum orceylinder 
mounted on said shaft or rod and turning 
therewith, and parallel contact plates secured 
spirally on said drum and adapted to have 
said moving contact play there-between, sub- 
Stantially as set forth. 

5. In an electrical water wheel governor, the 
combination with the water wheel, its valve 
mechanism and the dynamo driven by the 
water wheel; of electrically controlled gear 
devices connected with the valve inechanism, 
spaced contact plates suitably arranged and 


controlled by the.movement of the valve 


mechanism shaft, a solenoid included in the 
dynamo circuit, a core, plunger, or armature, 
controlled by said solenoid and having acon- 
tact moving between said contact plates, and 
an external source of electrical energy in- 


‘eluded in a circuit with said contact and the 


ya controlling devices, substantially as set 
forth. 

6. In an electrical water wheel governor, the 
combination -with the water wheel; its valve 
or gate mechanism, electric motor devices 
geared with said valve or gate mechanism, 
automatic circuit devices having a moving 
contact, and controlled by the dynainos 
driven by the wheels; of suitably arranged 
solenoids circuited separately with a dynamo 
and energized and de-energized according to 
the fluctuationsin currentstrength generated 
thereby, and a sectional core plunger, having 
magnetic metallic portions moving in each of 
the solenoids and connected to and control- 
ling the moving contact of the circuit closing 


-device, substantially as set forth. 


7. Inan electrical water wheel governor, the 


combination with the water wheel, its valve 
or gate mechanism and the dynamos driven 


thereby; of electric motor devices geared with 
said valve or gate mechanism and included 
in the circuit of the external source of. elec- 
trical energy, a drum or cylindrical frame 
mounted on the shaftof the valve mechanism, 
parallel contact plates mounted on said dram 
or frame and separately connected to reverse 
operating portions of said electric motor de- 
vices, electrically aligned solenoids circuited 
separately with the dynamos driven by the 
water wheel, and a core plunger meving in 
paid aligned solenoids and having a contact 
playing between said contact plates and elec- 
trically connected with the external source of 
electrical energy, substantially as set forth. 
8. In an electrical water wheel governor, the 
combination with the water wheel valve rod 


or roller playing. betw: : 
nd electrically connected 70 
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or shaft haying reversely disposed gear 
wheels, separate shafts having gear-wheels 
meshing respectively with different ones of 
the gears on the valve rod or shaft, electro- 
magnetic clutches or clutch wheels mounted 
on said separate shafts, and electrically con- 
trolled ocireuit: closing devices included in 
separate circuits with said clutches or wheels 
to energize.the same separately, substantially 
as Set; forth. 

- 9 In’an electric water wheel governor, the 
water wheel v&lve rod or shaft having re- 
versely disposed, gear wheels, a suitably ar- 
ranged shaft carrying at one end a gear wheel 
meshing with one of the wheels on the rodor 
shaft, a shaft sleeve mounted on one end of 
gaild suitably arfanged shaft and carrying on 
one end a gear wheel meshing with the other 
one of the wheels on the valve rod or shaft, 
magnet wheels mounted on said suitably ar- 
ranged shaft and on one erid of the shaft 
sleeve, a'drive sleeve mounted on said: suit- 
ably arranged shaft and driven from the wa- 
ter wheel, metallic’cup disks secured on the 


ends of said drive sleeve and surrounding 25 
the magnet wheels, electrically controlled cir- 
cuit closing devices, and separate circuit con- 
nections from the circuit closing devices to 
each of the magnet wheels to energize the 
same separately, substantially as set forth. 
10. In an apparatus of the class described, 
the combination with the separate shafts; of 
a metallic cup disk mounted on one of said 
shafts, a magnet wheel monnted on the other 
one of the shafts inside of the cup disk and 
having a circumferential serles of projecting 
pole pieces and an energizing magnet coil 


390 


clamped iuside of the same and inside of the 


cirgle of the pole pieces, and suitable circuit 
connections with the magnet coil, snbstan- 
tially as set forth. 

In testimony that I claim the foregoing as 
my own I have hereto affixed my signature in 
the presence of two witnesses. 

EARL PORTER WETMORE. 

Witnesses: 

Il. 8S. TEPNER, 
C. H. ALEXANDER. 


.No Model.) 


C. 8. BNGLISH. 
ELECTRICAL GOVERNOR FOR WATER WHEELS. 


No. 521,085. Patented June 5, 1894. 
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N. LOMBARD. 
SPEED REGULATOR. 
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UNITED STATES 


PATENT OFFICE, 


NATHANIEL LOMBARD, OF BOSTON, MASSACIIUSETTS, ASSIGNOR TO THE 
LOMBARD WATER WHEEL GOVERNOR COMPANY, OF SAME PLACE. 


SPEED-REGULATOR. 


SPECIFICATION forming part of Letters Patent No, 533,656, dated February 5,1895. 
Application filed Angust 14,1894, Berlal No. 620,258. (No model.) 


To all whom it may concern: 

Be it known that I, NATHANIEL LOMBARD, 

a citizen of the United States, residing at Bos- 

ton, in the county of Suffolk aad State of Mas- 
5 sachusetts, have invented certain new and 
useful Improvements in Speed - Revulators; 
and I do hereby declare the following to bea 
full, clear, and exact description of the inven- 
tion, such as will enable others skilled in the 
art to which it.appertains to make and use 
the same, reference being had to the accom- 
panying drawings, and to figures of reference 
marked thereon, which form a part of this 
specification. 

This invention relates to improvements in 
speed regulators, particularly that class op- 
erated by centrifugal action upon revolving 
weights. It isa well known fact that in regu- 
lators of this class there is a tendency to con- 
zo tinned changes due to various agencies, as 

the.amount of work, steam pressure, or other 

incidental causes. As these changes require 
more or less motive power iu the forin of 
steam, water or gases, the valvo which: admits 
25 such aud is controlled by the speed regulator 
is being incessantly shifted. In consequence 
of these changes very frequently continual 
variations in speed occur due to the excessive 
diminution or increase of the fluid agency— 
30 that is, if a change in the main valve is made, 
the period during which the valve is opened 
orclosedistoolong. Asa result in the event 
of the speed falling below the normal the 
regulator causes the valve to open, and this 
35 latter iu lien of being opened acertain amonnt 
and then stopped continuestoopen. The re- 
sult is that the speed increases until the nor- 
jal is not only reached, but very often ex- 
ceeded, when the weights again operate to 
40 partially close the valva, and perhaps reduce 
the speed too much. However this may be, 
the general effects of the present and most 
approved speed regulators are to keep the 
apparatus fluctuating constantly. Thistends 
45 to maintain the speed not at a steady normal 
rate, but either too fast or too slow. 

The purpose aud object of my invention is 
to endeavor to preserve the spc i ata nor- 
mal, and when the main valve which admits 

50 the actuating medium is shifted by the action 
of the weights, to produce a change, certain 


19 


US 


mechanism is put into activity to operate a 
secondary vaive, which checks the movement 
of the main valve before the full effects of 
the change in the said main valve upon the 


55 


notion is fully felt; hence excessive variations - 


cannot take place. If, as before instanced, 
the speed is below the normal the weight 
opens the main valve whick is very soon 
stopped; the full amount of gate demanded 
by the balls uot being used. If this is not 
sufficient the weights.again operate and these 
acts are repeated, the main valve which ad- 
mits-the power, 2s steam or water, being suc- 
cessively changed until the desired degree of 
opening or closing is attained. 

My present improvements relate to that 
class.of speed regulators in which the main 
gate or valvesupplying the medium, assteam, 
water or gas, is held-in position or changed, 
as circumstances may require, by means of & 
piston adapted to reciprocate within a fluid- 
filled cylinder, the flnid in the latter being al- 
lowed to circulate from end to end, and by 
such circulation to permit movements of the 
piston. This circulation is regulated by 
means of a secondary valve under the con- 
trol of the speed reyulator weights, and nor- 
mally said valve is closed over both inlet and 
outlet ports by which mean’ the main gate is 
held locked fast and prevented from moving. 

.My invention is embodied as before’ pre- 
mised in mechanism which operates to bring 
the secondary valve or that which regulates 
the circulation of liquid withia the closed cy!- 
inder to a fixed predetermined position and 
so maintains it. This secondary valve how- 
ever is free to be shifted by the action of the 
regulator weights, and such shifts or changes 
cause the. piston to move wilhin the cylinder; 
but the mechanism which I consideras novel 


is intonded to retucn the sécondary valve at 


once or very shortly thereafter to its normal 
or closed position after it has been shifted or 
opened by the regulator weights, and also to 
allow return of the weights to their proper 
place, aud which departure necessitated mure 
or less movement of the main valve, without 
disturbing the position of thesecoudary valve. 
In brief this mechanism comprises a station- 
ary post adapted to reck and to which js at- 
tached two oppnsitely disposed rods, one 
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equipped with a piston containe 
brake cylinder forairor fluid. The other rod 
terminates in a rack, which engages a pinion 
fast ahout the secondary valve red. Thus 
this valve is adapted to be opened by the 
regulator weights, while the travel of the pis- 
ton in the main cylinder serves to recipro- 
cate a tapered bar, which rocks a bell-erank 
lever snd tilts the post to close theseconduary 
valve. Tbetime during which the post is in- 
clined from the vertical is intended to allow 
the weights to shift their position comunen- 
surace with the change in the speed dune to 
the movement of the secondary valve with- 
out changing the said valve from its normal 
closed position. 

The other peculiar features and the inethod 
of operating the various parts which co-op- 
erate to produce the object to he attained 
under ny invention will be hereinafter fully 
set forth and explained. 

The drawings represent ia Figure 1 a lon- 
citudinal sectional elevation of aspeed regu- 
Jator equipped with mechanism embodying 
myinvention. Kig.2isaplan. Fig. 3isaver- 
tical central sectional elevation in part of 
the regulator proper, and secondary valve- 
stem, and transversely of the main-cyliuder. 
Fig. 4 is an enlarged view of tha rocking post 
aud the secondary cylinder which serves as 
the resistance to the movement of said post. 

In said drawings I have shown a closed 
cylinder 2 llquid-filled and adapted to econ- 
tain a piston 3 which is capahle of movement 
therein only as tho liquid circulates from one 
side of said piston to the dther. This is ef- 
fected by means of two pipes 4. 4’. which con- 
nect with a valve 5 termed the secondary 
valve. ‘This valve is located within a casing 
Gand contains the feed parts 7.7’. respectively 
for the pipes 4.4’. as likewise a. common dis- 
charge 8. The supply pipe is at 9, whilea 
rod 10 interconnects the piston with the main 
gate or valve, not shown, which admits the 
active medium as steam, watér or gas to the 
prime motor. 

A belt 12 to the pulley 13 serves to rotate 
& pair of centrifugal weights or balls 14. 
These latter are supported on levers 15. 15’. 
which are mounted upon a fixed upright 16. 
Rotation of the balls is created by means of 
the toothed wheol 17 which meshes with an- 
other 1S affixed to the lower end of a sleeve 
19 secured totheupright. A flanged tube 20 
is placed within the upright standard and is 
constructed to reciprocate, but not to rotate: 
by aid of aspline and grooveconneotion. ‘The 
flange 21 bears against the inner ends of the 
ball levers, while a spring 23 maintains these 
parts in contact. ; ' 

Centrally of the standard is located the 
rod or stem 24 of the secondary valve. The 
upper end of this valve-stem or rod 24 is 
screw-threaded and engages the bore of the 
tube 20. Hence it will be understood that 
the flanged tube 20 is‘ adapted to move up 
and down ‘according to the changes in the 


ed within a | 


in the cylinder 2 the piston 3 is advancec 


in part, according to the amount of change in 
the speed; but when circulation takes place 


snd such movement is rccompanied by rota- 
tion of the valve-stem. This latter actserves 
to close the secondary valve withont further 
change in the position of the balls. Immedi- 
ately after such closing of this valve the balls 


~ 


15 


begin to move again in order to resume the 8o — 


position they held prior to this change in the 
gate which has just been effected, this move- 
ment of the balls being oceasioned hy the 
prime motor now influenced by this change 
of gate. ‘I’o prevent thesecondary valve he- 
ing actnated by such moveinent of the balls 
and to retain the valve closed at times and 
gain to allow it to be opened at other times 
is one of the important features of my inven- 
tion which I shall now proceed to describe. 
To effect rotation of the valve stem 2+ at 
proper times and to cause the operating mech- 
anism to qnickly elose the valve I have em- 
ployed tho following group of instrumentali- 
ties: Upon the top of the pipe 4’ for com- 
pactness of form ‘is secured a hollow block or 
pedestal 25 whieh is capped to receive the 
base of a rocking post 26. ‘She manner of 
uniting these two pieces is very simple and 
consists in the present instance of two trans- 
verse pius 27, which enter corresponding 
grooves 28 in the base of the. post, while cen- 
trally is a pivotal rod 29 which is pendent 
from the base but within the pedestal and is 
spring-actnated. ‘The tension of this spring 
is‘snch that the ‘post always tends to assuine 
the vertical whichever way it is inclined froin 
anormal. <Atthefreeortop end df this rock- 
ing post is positioned a bar 30 which inter- 
connects said post with a toothed rack 31 suit- 
ably supported ina horizontal guide block 32, 
while a pinion 34 is affixod about the valve- 
stem 24. This pinion isof considerable length, 
see Fig. 3, in order that the valve and valve- 
rod may be raised or lowered, when the valve 
is given longitudinal movement without caus- 
ing the rack and piniontodisengage. Ahand 
lever 35 may be attached in order that man- 
ual operation of the secondary valve may be 
effected if circumstances reqnire. Further- 
more to cause the rotation of the valve-stem 
which results in sliding of thesecondary valve 
to close and to render this act directly de- 
pendent upon the travel of the piston 3, the 


following elements are provided: In parallel- 


ism with the piston rod 10 and attached there- 
to and moving with jit is a tapered bar 36 
which serves to oscillate a bell lever 37 fas- 
tened to the cylinder 2. One arm of this is 
equipped with an aatifriction roller which 
co-operates with a similar roller on the cylin- 
der, while the tapered bar 36 slides - therebe- 
tween. <A spring 48 riaintains constant con: 
tact between the bell lever and the bar in or- 
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der to render the latter active should it move 
in either direction. 


the rocking post to the vertical, this returu 


velng varied by means of liqnid or air con- 
fined within the cylinder 38, From the rock- 


ing post extends arod 40 which passes through 
tha cylinder, while a 
ssid rod, is permitted 
cylinder according as 
42, operated externally, 
free cireniation of the contexts between op- 
posite ends of the cylinder. 
served that the rod 40 is oppositely 
to the post from that of the bar 30. 

The operation und correlation of the various 
groups of eléments hereinbefore described are 
ag follows: it being understood that the 5eo- 
ondary valve is to stand normally closed irre- 
apective of the variable positions of the balls. 
Hence, as before stated, the secondary valve 
iato be opened by the balls to advance the pis- 
ton 3 one way or the other, but this shift of 
the valve is but temporary for the reason that 
the very act of moving said piston 3 serves to 
operate to close the valve quickly, but like- 
wise canses said valve to remain closed dur- 
ing eubsequent movement and return of the 
balls to their proper position, and which re- 
turn has been prodnced by the change in the 
malin .gate just effected. With these pre- 
mises, it will be seen that the piston 3 is now 
Held stationary, and the main gate (dot 
shown) at the end of the rod 10 positively 
locked because the valve 5 is shut and no cir- 
culation occurs in the cylinder 2. Upon this 
assumption and that the vayious parts are now 
operating normally, when an extra burden is 
assumed by the prime motor this calls for 
more main gate. At this moment the ball 
drop slightly and raise the flanged sleeve 19, 
see Fig. 3, carrying up the valve-stem and 
valve § which now allows fluid to enter the 
pipe 4 and advances the piston 3 in direction 
of arrow 1 to open the main gate; but to pre- 


attached 


-vent excessive results fram this opening of the 


main gate, the tapered bar 36 is withdrawn 
from beneath the bell-lever 37, when the 
spring 48 rocks said lever to the right and 
simultaneously tilts the post 26 likewise to the 
right since the rapid action of the spring 
canses the contents in the brake cylinder to 
serveas a solidbody. This tilting of the post 
to the right also causes the rack to revolve its 
pinion and the valve 5 is immediately closed 
by the rotation of its"valve stem, the flanged 
tube being a stationary or fixed point. Itis 
evident that with a change in the gate, as in- 
stanced, the speed of the prime motor will be 
accelerated and the balls now below their 
normal position will tend to rise and resume 
their proper place. This act would again ro- 
tate the valve rod and actuate the valve, 
Hence tokeep said valve closed during the re- 
turn of the balls; the post is retarded more or 


The upper end of the op- 
posite bell-lever arm is pivotally fastened to 
a cylinder 38 which serves as & brake or re- 
tarder and prevents the tvo quick return of 


piston 41 affixed upon 
movement within the 
the position of a valve 
allows more or less 


It will be ob- 


— 


léss asit returns to the vertical, since it is this 
latter act which serves to prevent movement 
‘of the valve from ita seat, the valve being 
rotated slowly to maintain aconstant position 
and to counteract the effect which otherwise 
would be produced by the movement of the 
balls. This spring mounted post 26 now 
moves back slowly as the liquid or air in the 
brake cylinder flows through the valve 42. 
When said post basagain axsumed the vertical 
reverse rotation of the valve-stem 24 hastaken 
place to compensate for the movement of the 
balls to their proper position and the valve 5 
is maintained closed during such act. 


From the above description it will be onder-' 


stood that the return of the tilting post to the 


vertioal is intended to counteract the returiy’ 


of the weights to their proper position, the de- 
viation of said weights from such position ne- 
cessitating a change in the main gate. Ilence 
this movement of the post is intended to be 
slow, ag the balls ordinarily are not suddenly 
influenced by the main gate. It will be fur- 
ther understood that when the post is nt 
the vertical, then movement of the balls in 
either direction will opemthe secondary valve. 
On the other hand the departure of the rock- 


‘ing post from the vertical caused by the move- 
‘ment of the weights will 


serve to close the 
valve. 

What I claim is— 

1, Lhe combinntion with a eeutrifugal reg- 
ulator, a finid-filled cylinder, and a piston 
therein which controls 
prime inotor, of a regulator valve adapted to 
control the travel of the piston, mechanisin 
operated by movementof the piston to close the 
valve, and means to counteract the functions 
of the balls in the act of resuming their nor- 
mal position to prevent the valve -being oper- 
ated, snbstantially as specified. 

9. The combination with a centrifugal reg- 
ulator, a main valve, & fluid-filled cylinder, 
and a piston operating the said valve,of areg- 
niator valve for the piston, and mechanism 
interconuecting said regulator valve aod pis- 
ton and adapted to neutralize at certain times 
the functions of the regulator weights to move 
said valve, substantially as and for purposes 
explained. 

3, In combination with a centrifugal regu- 
lator, a flnid-filled cylinder, and a piston there- 
for, a secondary valve to control cirenolation 


ated by the piston to regulate the movements 
of the valve, substantially as set forth. 

4, Acentrifugal regnlator, a fluid-filled cyl- 
inder, its piston, and a valve operated by the 
regulator, combined with » rocking post, 
inechanism from the post to the valve, aslike- 
wise means to actuate the post by.travel of 
the piston, substantially as stated. 

5. In speed regulators having centrifugal 
weights, aliquid-tight cylinder, a piston there- 
in, a valve to regulate travel of the piston, 
combined with mechanism operated by the 
regulator to shift the yalvein right line move- 


a maip valve forsome 


in said cylinder, and a rocking post oper- 


3 


79° 


75 


80 


85 


go 


95 


too 


105 


120 


125 


130 


a 5 ohilve't to portal WGulation, ‘of & Prive 


rod ited with said regulator for right line. 


post, a rack and pin- 


in 
vend valve rod to § 


ing travel, a rock 
to rotate at times 


post with the piston, substantially as set forth. 
7. Inregulators, a rotary sleeve, centrifugal 


weights thereupon, a fianged tnbe recipro- 
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20 
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30 


ented by said weights, combined with a valve, 
a valverod longitudinally of the flanged tnhe, 
connections between the valve rod and tube to 
permit independent rotation of therod means 
for producing rotation of said rod, and a pis- 
ton controlled within a cylinder by the move- 
inentsof the valve, substantixlly as described. 

§.:In combination with acylinder, its piston, 
a valve to control the travel of said piston, a 
rocking post, and mechanism to operate the 
valve npon tilling of the post, a bac affixed to 
the piston, a Jever to tilt the post, and brake 
mechanism to regulate the retura of the post 
to a normal, siibstantially as specified. 


9. The combination with a fluid-filled oyl-. 


inder, a piston, its piston rod. an ‘aetuating 
bar, and a bell lever operated by the bar, of a 
rocking post ad 


} a and pinta united w w 
10 10) lide | 
the valve, and wechaniath to interconnect the 


| 


apted tostandoprightarego-! 


satae art ecap , 


movement of the piston 


wise Monnemed with said. Boat 
by the travel of the piston, subst: 
explained. j 
11. In regulators a cylinder, its piston, 
regulator valve, and a reciprocating rod, at+ 
tached to said valve, combined with a fis 7 
standard, a tilting post adapted to stand up 
right therenpon, a bell-lever, and a bar affixec 
to the piston rod for actuating the said let vw 


‘a piston-equipped rod 4l pivotally gecnred to 


the post, « brake cylinder secured to the bell- 
lever, aud means to regulate the travel of the 
brake piston by which to control, the retnra 55 
of the post toa normal, substantially for pur- 
poses specified. 

In testimony whereof I affix my signature 
in presence of two wituesses. 


NATHANIEL LOMBARD. 


Witiesses: 
I. K.. Jgvse: | 
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To all whom it may concern: 

Be it known that I, LAMAR LYNDON, of the 
borough of Manhattan, in the city, county, 
and State of New York, have invented certain 
new and nsefnl Improvements in Electrome- 
chanical Water-Wheel Governors, of which 
the following is a specification. 

The governors at present employed to regn- 
late the water-supply to the water-wheel in 
general simply operate to open or close the 
water-wheel gate, thereby allowing of thie ad- 
inission of a greater or less supply of water. 
Now the first effect of such opening or closing 
of the gate, owing to the inertia of the water, 
is always the opposite to that which it is de- 
sired to bring about—. e., the opening of the 
gato operating to momentarily cause less ve- 
locity of water at the wheel, owing to the 
greater orifice the water has to flow through, 
and, vice versa, the closing of the gate oper- 
ating to momentarily cause an increase of ve- 
locity, owing to the contraction of the orifice. 
Moreover, these contrary effects will last un- 
til the changed conditions can be imparted to 
the source of supply of water. 

One object of my present invention is the 
overcoming of these opposite effects, and for 
this purpose I provide a by-pass inserted into 
the penstock-or flume at a point near the wa- 
ler-gate and a gate in the said by-pass con- 
trolled by the same governing mechanism 
that controls the water-gate and operating to 
allow a greater or less flow through the by- 
pss, according as the water-gate is being 
closed or opened. 

Other features of my invention relate to 
means for preventing excessive action of the 
governor in either direction, so that the gov- 
ernor is not allowed to pass beyond the proper 
point for regulation, by reason of the iner- 
tin of the parts or for other causes, thereby 
preventing the oscillation on either side of 
the regulating-point usnal to such devicos. 
Means are also provided for arresting the ac- 
tion of the governor when the water-gate is 
fully opened or closed. ; 

Another feature of my invention relates to 
the control of the governor by a dynamo 
uriven by the water-wheel and so wonnd thuat 
the electromotive force at the terminals is 
substantially independent of the lond and 
varies with the speed, but at arate greater 
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than the speed variation, so as to obtain 
greater sensitiveness in regulation. 

Other features of my invention relate to de- 
tails of construction and arrangement, as here- 
inafter set forth. 

Referring to the accompanying drawings, 
Figure 1 is a perspective and somewhat dia- 
grammatic view of my improved water-wheel 
yovernor, Fig. 2 isa plan view showing in 
detail certain parts of sane. Fig. 3 is a ver- 
tical section on the line X X of Fig. 2. Fig. 
4 is a vertical section on the line Y Y of Fig. 
2. Fig. 5 illustrates a part of my compensat- 
ing device. Tig. 6 illustrates in detail a part 
of my controlling device. Fig. 7isa diagram 
of the circuit connections. 

In Fig. 1 Ihave shown the penstock 1 lead- 
ing into the cylinder 2, the latter containing a 
turbine water-wheel. (Not shown.) 3 isthe 
main shaft, connecting at one end with the 
water-wlicel and carrying a bevel-gear 4, en- 
gaging with another bevel-gear 5 on a shaft 
6, as shown in Fig. 1, or connected to drive 
such shaft 6 in any suitable manner by belt 
or rope connection toa sheave 5°, (see Fig. 2,) 
this latter shaft being situated, preferably, 
atrightangles to the mainshaft3. Theshaft 
6 carries a pulley 7, which is connected by 
belting to a dynamo 8. This shaft 6 also 
carries loosely-inounted bevel-gears 9 and 10, 
These bevel-gears are udapted to mesh with 
a third bevel-gear 11, mounted on a shaft 
12, preferably at right angles te the shaft 6. 
Mounted on the shaft 6, so as to move longi- 
tudinally, but splined thereto, so as to rotate 
therewith, ard located between the bevel- 
gears 9 and 10, is a slecve 13, having friction- 
disks or chamfered ends 13* 13° or other 
form of clutch adapted to engage in holes in 
the bevel-gears 9 and 10, respectively. A 
lever 14, fulerumed at 14°, engages at one end 
in an annular groove in the sleeve 13, while 
the other end carries an armature 17, udapt- 
ed to oscillate between the elutch-magnets 15 
and 16, 

On the shaft 12 is monnted a worm 18, mesh- 
ing with a worm-wheel 19 onashaft 20. The 
shaft 20 also carries a bevel or spur gear 21, 
which meshes with another bevel or spur gear 
21°, situated on the shaft 21°, which operates 
the water-wheel gate, (the latter not shown.) 

A disk 22 is mounted on shaft 12, so as tu 
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be free to rotate, but is held from endwise 
movement by collars, one of which is shown 
at 22°. On tho same shaft is a disk 23, nor- 
mally ont of contact with disk 22, but mov- 
5 able endwise on said shaft into contact with 
said disk, the disk being caused to rotate with 
the shaft by a spline connection 23°. A le- 
ver 24, fulerumed at 24* toa fixed frame part, 
has a yoke 24° engaging in an annular groove 
10 in the hub of disk 23 and carries the arma- 
ture 31 of a magnet 32, herein termed the ‘‘re- 
turning-magnet.” A returning device con- 
sisting of a rod 25, connected by a pivoted 
link or connecting-rod 25° with the disk 22, 
15 passes through a hole in the controller-lever 
26, pivoted at 26° to a fixed support, and 
through a fixed abutment or frame-piece 30. 


Pa 


Springs 27 28 arearranged on the rod between 


lever 26 and respective collars 27° 28° on the 

go rod, while springs 22 29 are placed between 
‘collars 29° 29° on tho rod and. the fixed abut- 
ting piece 30, these latter springs serving to 
restore the returning device 25 to normal po- 
sition after it has been displaced in either di- 
25 rection by the operating-clutch means 22 23. 
The springs 27 28 enable the returning-rod 
25 to exert pressure on the controller 26 to 
return itto normal position, while permitting 
displacement of such controller from normal 
go position undet the action of its electroinag- 
‘netic operating means. Such means consist 
of the solenoid 33, with its soft-iron core 
34, carrying a rod 35, springs 37 38 being 
connected to said core and toa link 36, con- 

35 nected to said rod, so as to act reversely 
thereon and maintain the core in normal posi- 
tion when the water-wheel is at normal speed, 
the energization of the solenoid being respon- 
sive to such speed. The springs 37 33 are 
40 BUpported by screw-rods 37° 38°, adjustably 
secured by nuts 36° to fixed supports on frame- 
pieces 37° 38°. The rod 35 is pivotally or 
loosely connected at 39 to the lever 26, which 
acts a& acircuit-controller for the magnets 15 

45 16o0f the clatcb-reversing gear, said lever car- 
rying contacts 40 41 at its respective ends 
adapted to engage with fixed contacts 40° 41°, 
connected to the respective magnets afore- 
said. The solenoid 35 also serves to control 

50 the action of ‘the compensator-magnets and 
returning-magnets through a secondary con- 
trolling-lever 43, pivoted at 43° to a fixed sup- 
port and having a widened portion witha 
slot 44, engaged by a pin or roll 44° on one 

ss end of a bell-crank 42, which is pivoted to a 
fixed part at 42*, and whose other end is con- 
nected by link 36 to the rod 35, the slot being 


eurved reversely to the are of inovement of- 


pin or roll 44* on the bell-crank, sothat when 
the lever 26 and rod 35 move in either direc- 
tion the lever 43 will be moved in one given 
direction. . In such movement of the lever 43 
contacts 45° 46* 100 101, carried thereby, will 
connoct with fixed contacts 45 46 103 104 to 
close the circuit of the returning-magnet and 
the compensator-magnet, respectively. 

The compensating devices comprise a by- 
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pass 47, connected around the wheel 
ing from: the feeder-pipe or pens! 
point near the wheel-gate, the latter, how- 
ever, being between the by-pass and the wheel. 
This by-pass is of an area which is a small 
percentage of the area of the feed-gate. A 
valve 48 in this by-pass is operated by ropes 
51 52, attached to opposite ends of a lever 50 
on the stem 49 of said valve, these ropes pass- 
ing over idlers 53 and around pulley 54,:be- 
ing socured at the ends to said pulley. The 
double sheave or pulley 54 is mounted on 
shaft 20, so as to be free to rotate thereon, be- 
ing held from endwise movement by collars 
56. A clutch consisting of corresponding 
disks or cones 57 58, respectively, on said 
sheave and on hnb 59, mounted on the shaft 
20, so as to move endwise, but compelled to 
rotate therewith by spline connection 58°, 
enables the sheave to be clutched to the shaft, 
this operation being controlled by a lever 61, 
pivoted at 62 and having a ‘fork engaging in 
an annular groove in said hub. The other 
end of this lever carries the armature 63 of 
the compensator-magnet 64. On theropes 51 
52 are lugs or clamps or stops 65 66, adapted 
to engage uuder and lift weights 70 70 when 
the sheave is turned either way from normal 
position, these weights being guided in cas- 
ings 69 on a suitable fixed support. Means 
may be provided for easing off the descent of 
these weights, if desired. For example, the 
casirigs 69 may constitute dash-pots. 

Upon one side of the sheave 54 are pins, 
‘one of which is Shown at73. These pins aro 
adapted to alternately engage a slide-bar 74 
to lift same from contact with a contact-piece 
75. 
mal position (which is in engagement with 
said contact-piece) by any ordinary means, 
such as gravity or a spring. 

76 is ascrew-threaded sieeve mounted upon 
and firmly secured to theshaft20. A collar 
or sleeve 77, having a female screw part, is 
adapted to engage the screw-threaded sleeve 
76. This collar of sleeve 77 has upon one 
side a projecting part 78, having a hole 79, 
through which passes an end of a rod or lever 
80. This collar will therefore be prevented 


The said slide-bar is returned toits nor-. 
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from rotating and will be constrained to move - 


longitudinally of the sleeve. This sleeve is 
fulerumed at 81 to a fixed piece 82 and car- 
ries on either side of the part 78 tappets 83 
83. The other end of the rod orlever 80 pro- 
jects between contact-levers 84 85, pivoted at 
84° 85° and caused to normally press against 
the contact-points 86 87 by springs 89 90. 

A hand-wheel 91 is adapted to engage the 
end of the shaft 12. This hand-wheel is read- 
ily removable for reasons hereinafter de- 
scribed. 

The dynamo which I employ is compound 
wound and in a mannor to give constant po- 
tential at the terminals with constant speed 
independent of the variation of the current. 
Wires 92 93 lead out from opposite sides of 
thearmature. ‘To these wires are connected, 
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3 100 and 101, situated on thesame le- 
- The contacts 45 46, which codperate with 
contacts 45° 46%, are connected together by 


‘wire 102, leading through magnet 32. Con- 


tacts 103104, which couperate with lever-con- 
10 tacts 109 101, are connected together by wire 
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105, leadingthrough compensating magnet 64 
and cireuit-breakers 7475. From the respec- 
tive sets of contacts 40* and 41* wires 106 107 
lead throngh clutch-magnets 15 16, such wires 
including the circuit-breakers 84 86 and 85 87. 
Wire 33* leads from thedynamo tosolenoid 33. 

The operation of the device is as follows: 
When the speed of the main shaft 3, owing 
to an increase or decrease of the load there- 


20 “on, is ‘caused. to finetuate, the epeed of the 
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shaft 6, and consequently that of the arma- 
ture of thedynamo8, willalso fluctaate. The 
dynamo which I employ is« * © direct-cur- 
rent type, preferably of between three hun- 
dyed and five hundred watts capacity. Itis 
compound wound, the field- magnet heing 
mado up of soft laminated iron. The series 
winding is to be sufficient only to compensate 
for drop due to the internal resistance of the 
muchine and to give atany oe speed prac- 
tically a constant potential: at its terminal 
withont regard to the quantity of current de- 
livered by it when operating within its capac- 
ity. The fields are so proportioned that the 
magnetic density when thedynamo is running 
atnorinal speed is low and below the “knee a 
of the magnetic eurve, say, ten thousand to 
twelve thousand lines per square centimeter 
in soft laminated iron. It is evident thata 
slight increase in speed of the armature will 
give an increase in voltage, due, first, directly 
to the increase in speed, and, second, to the 
increase in magnetic density, which latter in- 
creases because of a greater current flowing 
through the shnnt-windings caused by the 
slight increase of voltage. Therefore a va- 
riation in speed of the armature will give a 
variation in voltage which will change much 
more rapidly than directly as the first power 
of the speed variation. The variation in vol- 
tage will bo approximately as the square of 
the variation in speed of the armature. As 
the controlling-solenoid 33 responds directly 
to the squaro of the variation of voltage it 
will be seen that its control will be more sen- 
sitive than a contro) due simply to direct ef- 
fect of the speed. 

We will now assuine the main shaft to be 
revolving clockwise as we look down upon it 
and also that it revolves at normal speed. 
Under these circumstances the solenoid 33 is 
cnorgized to such an extent as to hold the 
controlling-lever 26 in its mean position, not 
making contact at either end, and the valve 
48 in the by-passishalf open. Sappose that 
the load in theshaft has been decreased. The 
speed of shaft 6, and consequently of the pul- 
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the spring 37°. O 
oid-core causes the contacts 40 ome i 
touch with their opposing contact-piece 40°, 
thereby causing au excitation of the clutch- 
magnet 15. The arimature 17 will now be 
drawn toward the magnet 15, thereby caus- 
ing the end 13° of the sleeve 13 to clatch the 
gear-wheel 9. The gear 9 will now be con- 
strained to rotate with the shaft 6, and this 
will cause the gear - wheel 11, and conse- 
quently the shaft 12, to also rotate. The 
shaft 20 will therefore, through the worm 18 
and worm-wheel 19, be cansed to rotate and 
the water-gate will be closed. 

In order that the shafts 12 and 20 may not 
tend to continue to revolve in either direc- 
tion after the complete opening or closing of 
the gate, means must be provided for inter- 
rupting the circuit controlling the clutch- 
magnets. To this end I provide the screw- 
threaded sleeve 76 and collar 77, herein de- 
scribed. A certain number of revolations 
of the shaft 12 will completely pen or close 
the gate. The same number of revolutions 
will cause the collar 77 to travel the entire 
length of the sleeve 76. When the said col- 
lar arrives at a point near the end of the sald 
sleeve, it will come in contact with one of the 
tappets 83, causing it, and consequently the 
rod or lever 80, to move with it. The other 
end of the rod, projecting, as it does, between 
the ends of the contact-levers 84 85, will cause 
one or the other of said levers (depending 
upon the direction of revolation of the shaft 
12) to be lifted from contact with the contact- 
points 86 87, ‘which operation will break the 
circuit of the corresponding clutch-maguet. 
This contact-lever will be kept outof contact 
until the shaft 12 is revolved in the opposite 
direction, when the collar 77 will travel away 
from it, thus allowing it to again come in con- 
tact with its contact-point. The rod 25, disks 
22 and 23, and the controlling clutch-inagnet 
32 constitute a returning device for prevent- 
ing the governor from overrunning—that is, 
moving the water-wheel gate 4 greater dis- 
tance than is actually necessary for proper 
regulation—this necessitating a second move- 
ment of the gate in an opposite direction, 
which In turn may overtravel and require 
the gate to be moved back again. With aa 
“‘ overrunning” governor the gate movement 
is to a certain extent oscillatory, the ainpli- 
tudeof movement decreasing until the proper 
position of the gate is finally reached. When 
the governor-ehaft 12 is set in operation in 
either direction by the controlling-solenoid 
33, the rod 36 operates the lever 43 to close 
the circuit of the clutch-magnet 32, which 
causes engagement of disks 23 22 and causes 
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ning the lever 26 {= por 
Fi his movement of the Sitrecimgete! 25 is re- 
sisted by spring 28 or 29, according to the di- 
rection of operation. As soon as the lever 
26 is returned to norinal position it operates 
lirectly through contacts 100 101 to deéneor- 
gize the clutch-magnet whieh set the gover- 
nar in operation and indirectly through lever 
43 and contacts 46° 46° to deénergize the 
clutch-magnet for the returning device, the 
latter being thus released and returning to 
normal position under the influence of its 
spring. When the gate is operated, as above 


hall 


described, the lever 43 is moved to close the 


contacts 45" 46* 100 101, this closure being 
effected whatever the direction of movement 
of the controlling-lever 26 by reason of the 
pin and curved-slot connection between such 
levers. Current will therefore flow from the 
dynamo through wires 92 98, contacts 100 


and 103, to wire 103, leading through the com-. 


pensating magnet 32, and thence through 
contacts 74 75 and 104 101 to wires 99 93, 
back to the dynamo. Magnet 32 then en- 
gages clutch 58, and thus throws the by-pass 
valve into operative relation through the 


‘ropes 53, sheave 54, and clutch 58 with the 


gate- operating shaft 20. Consequently the 
by-pass valve will be turned toward open or 
shut position, according to whather the gato 
is closing or opening, for the purpose above 
stated. Normally.the gate or valve in the by- 
pass will be half-way open, so that the amount 
of water flowing through the by-pass and 
around the wheel without doing work will 
be half the amount which the by-pass is ¢a- 
pable of carrying. When the governor acts 
to close the main gate, the compensating de- 
vice will open more widely the by-pass. ‘The 
rapidity with which the valve iu the by-pass 
opens is Buch that the increased volume of 
water which it allows to pass through is pro- 
portional to the decrease in area which the 
main gate effects by reason of its closing. 
Should the main gate open, a.reverse action 
takes place. The object of this compensat- 
ing device is to take care of the inertia effect 
of the column of water in the feed-pipe. As 
is well known, if a water-wheel gate be sud- 
deuly opened to increase the speed of the 
wheel the first effect will be to actually de- 
crease the speed of the wheel, for the reason 
that the velocity of the water through the 
gate drops, because a larger area for the water 
to pass through is provided, and a larger vol- 
ume of water is notimmediately provided, be- 
cause there is a time clement required, which 
time element is the length of time required for 
gravity to accelerate the entire volume of 
water contained in the feed-pipe, which can- 
not be accomplished instantaneously. Ifthe 
water-wheel gate be closed, a reverse effect 
will be noticed—that is, instead of decreasing 
the speed of the wheel the speed will actually 
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‘ing or closing ina manner opposite. to 


only § ra st ort or aa 
igual of time is required ton 
umn of water in the felipe 
that the by-pass,’ erienga! ant 


which the main gate opéns or closes rill, it 
properly adjusted, admit of the main gate be- 
ing rapidly operated and the governing of the 
water- wheel quickly accomplished. After 
the governing takes place the by-pass gato 
is either open or closed, or nearly so, and in 
order to be usefal for a. second governing 
must return to its normal position. 
ever, ust return slowly in order that the 
effect of increased or decrensed speed of wa- 
ter through both the by-pass gate and the 
water-wheel gate will not take place. : It is 
here to be noted that all water-wheel govern- 
ors as innde to-day must accomplish their 
governing only at such a speed as the accel- 
eration or retardation of the water in the col- 
umn ot the pipe can be accomplished, where- 
as in the case of the governor hereinbefore 
described, with the compensation - gate aud 
actuating apparatus, the time element is re- 
moved from the main gate and the water- 
wheel and taken care of in the by-pass. 

When the governing is completed, the con- 
trolling-solenoid allows the lever 26 to retura 
to normal position, the circuit of the com- 
pensating magnet is broken by the return of 
rod 36 and lever 43, and the butterfly-valve 
retarns slowly. under the influence of its 
weight 70 to norinal position. 

Having thus described my invention, tha 
following is what-I claim as new therein and 
desire to secure vy: Letters Patent: 

1. Inagovernor for water-wheels, the com- 
bination with a water-gate-operating shaft 
and a driving-shaft, of a reversing clutch- 
gear, adapted to conneet, the waler-gate-op- 
erating shaft to the driving- sbaft in reverse 
driving relations, means for reversely con- 
trolling the operation of such clutch-gear, a 
dynamo connected to be driven from the wa- 
ter-wheel and wound to maintain constant po- 
tential for varying currents therein, bat to 
vary the potential in a greater ratio than the 
speed, au electromagnetic device connected 
to such dynamo, and controlling the clutch- 
gear-controlling means, and means for resist- 
ing the action of said electromagnetic device 
in snch manner, that at normal speed the 
clutch mechanisin will ‘be disengaged, but on 
increase, or decrease from norinal speed the 
clutch will be operated to govern ‘the water- 
gate th rough its operating-shaft. 

2, In a governor for water-wheels, the com- 
bination with, a water: ;gate-operating shaft 
anda driving- ‘shaft, of, a reversiog clutch- 

rear, adapted to connect said shafts in reverse 
riving relations, electromagnetic means con- 
‘trolling such clutch-gear, a dynamo conucct- 
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controlling means, controlled by said contact 


device. 

3. Ina water-wheel govermer, the combina- 
tion with a water-gate-operating shaft, und 
means for operating same in either direction 
te govern the water-wheel, of a controller for 
he operating mens, responsive to changes 
of speed of the water-wheel, a returning de- 
vice for snid controlier provided with a cluteh 
connection tosaid operating-shaft,and means, 
aétunted by suid controller on movement 
thereof from normal position to engage said 
elutch with the,said shaft, so as to cause the 
return of the controller to normal position 
and interrupt the governing action before it 
has overrun the proper amount, substantially 
as and for the purpose set forth. 

4. Ina water-wheel governor, the combina- 
tion with a water-gate-operating shaft, adriv- 
ing-shaft und reversing clutch-gear, adapted 
to turn the water-gate-operating shaft in 
either direction, a controller, responsive to 
changes of speed of the water-wheel and con- 
trolling such reversing-gear, anda returning 
device for said controller provided with ac- 
tuating means controlled by said controlling 
means to return the controller to inoperative 
position, so as to prevent cxeessive movo- 
ment of the governor. f 

5. Ina walor-wheel governor, the combina- 
tion witha wator-gate-operating shaft, a driv- 
{ng-shaft and a reversing clutch-gear, adapt- 
ed to connect suid shafts so as to cause the 
water-gate-operating shaft to nove in either 
direction, a dynamo operatively conuected to 
prodnec an electromotive force responsive 
to the speed of the water-wheel, a solenoid 
device energized by said dynamo, a core for 
said solenoid and a circnit-controller aetu- 
ated thereby, springs for holding the circuit- 
controller in normal position, two electro- 
magnetic devices for reversely operating the 
reversing clutch - gear, n returning devico 
adapted, when operated, to return the cir- 
cuit-controller to normal position, a clutch 
adapted to bring said returning device into 
operative connection with the watér-gate-op- 
erating shaft, amagnetcontrolling sald clutch 
and a cireuit fob said magnet including a cir- 
cnit-closer operatively connected with the 
nforesald circuit-controller and ndapted to 
energize said magnet on moveinent of the cir- 
cuit-controller in either direction. 

6. In a water-wheel governor, the combina- 
tion with meaus for operating the water-gate 
in either direction, a by-pass for the water- 
wheel, and a valve controlling said: by-pass, 


J 
such by-pass, of means connected to the 
water-gato-operating means aud adapted to 
operate the by-pass valve from normal posi- 


tion in elther direction, so as to control such 7. 


valve inversely to the control of the water- 
gate,during the governing actlon of the water- 
gate, and imeans for returning the by-pass 
valve to normal position on completion of 
governing movement of the water-gate-oper- 
ating means. 

8. In a water-wheel governor, the combina- 
tion with a shaft for operating the water-gate 
in either direction from normal position, a 
by-pass for the water-wheel and a valve for 
such by-pass normally held in partly-open 
position, of an operating device for said valve 
provided with means for returning the valve 
to normal position, 4 cluteh, adapted to con- 
neet said operating device for the by-pass 
valve with the wafer-gate-operating shaft to 
control the by-pass valve inversely to tho 
wator-gate, reversing menns for operating 
the water-gate-opernting shaft in either di- 
rection, a controller, responsive to the speed 
of the water-wheel and controlling said re- 
versiog means, and means operated by said 
controllor to bring the aforesaid clutch luto 
operation and to release said clutch when 
the governing action its effected. 

9. In awater-wheel govornor, the combina- 


_tion with ashaftadapted to operate the water- 


gate in either direction from normal position, 
a by-pass for the water-wheel and a valve 
for such by-pass, normally held in partly- 
open position, of means adapted to operate 
snid valve in either direction and provided 
with means for returning the valye to nor- 
mal position, a clutch, adapted to connect 
such operating means with the water-gate- 
operating shaft, a driving-shaft, and a ro- 
versing-gear for turning the water-gate-op- 
erating shaft in either direction, a dynamo 
connected to the water-wheel, so as to be re- 
sponsive to the speed thereof, an electromag- 
netic device connected tosaid dynamo, a con- 
troller operated by said electromagnetic de- 
vice and controlling the sald reversing-gear, 
a inagnetic device controlling the aforesaid 
clutch for the by-pass-operating means, a elr- 
cuit for said nagoet and means operated by 
said controller in its movement in cither di- 
rection to close such elrenit. 


LAMAR LYNDON, 


Witnesses: 
A. P. KNIGHT, 
Harry FE. Ksiert, 
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